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 دليل البرنامج

 العام من البرنامج:الهدف 
. تزويد الطلبة بأساسيات المعرفة العلمية في تخصص هندسة البيئة والتلوث وتحسين قدراتهم 1

المهنية في اتجاه التفكير التحليلي واالبداعي من خالل استخدام تقنيات المعلومات وتحليل البيانات 

 والطرق التجريبية الحديثة في صياغة وحل المشكالت.

مهندسين مؤهلين بشكل جيد لالرتقاء بنشاطات هندسة البيئة والتلوث والقدرة على ادارة . اعداد 2

 التعامل معها في كافة مرافق الحياة.

. اجراء البحوث العلمية ذات الطابع األكاديمي لمواكبة المسيرة العلمية العالمية والبحوث ذات 3

ي لى واقع عمل بمعالجة المشاكل التي يعانالطابع التطبيقي لترجمة المعرفة الهندسية ونظرياتها ا

 منها البلد في كافة المجاالت.

. المساهمة بشكل او بآخر من حيث التصميم واالشراف والمتابعة واالستشارة إلعادة اعمار 4

البلد بقطاعاته الهندسية المختلفة من المصانع واالبنية والجسور والمنشآت وتقديم االستشارات 

 راسات الجدوى االقتصادية وتصاميم المشاريع وتوفير الخدمات الفنية.الهندسية واعداد د

. تأصيل الرصانة العلمية وجعلها سمه لقسم هندسة البيئة والتلوث وفق ضوابط ومعايير 5

 عالمية.
 

 األهداف التفصيلية:

 يتوقع من المتدرب في نهاية البرنامج أن يكون قادرا ًعلى :
 والتلوث  ان يتعرف على مفهوم البيئة .1

 ان يصنف االحتياجات لتطويرعلم البيئة والتلوث. 2

 تزويد الطلبة معرفة المعلومات وتنمية المهارات في مجال اختصاصاتهم. .3

 القدرة على تدريس المادة التعليمية الحقا.  .4

 ان يقيم كلفة صيانة المختبرات واالجهزة. .5

 ئج وترجمتها واقعيا.امكانية تصميم وتنفيذ التجارب وتحليل النتا .6

 التعليم الواسع المدى لفهم تأثير الحلول الهندسية عالميا واقتصاديا. .7

القدرة على تصميم المنظومات لتفي بالحاجات المطلوبة خالل المحددات الواقعية من النواحي  .8

 االقتصادية.

 القدرة على استخدام التقنيات والمهارات وادوات الهندسة المعاصرة في المجال الهندسي. .9

 

 المستهدفون من البرنامج:

 
 طالب المرحلة الثالثة / قسم هندسة تقنيات البيئة والتلوث

 

 .اسبوعيا   ساعة 5 عدد الساعات:
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نامج  األهداف المهاراتية الخاصة بالبر

 
ي الدراسة. قدرة الطلبة عل  - 1

ي لتشخيص النظريات والمبادئ العامة فز
ز واالدراك المعرفز  التميب 

 التخطيط المستقبلي الجراء التجارب العلمية المتعلقة بتوفر االدوات واالجهزة العلمية الحديثة.  - 2

 معرفة الطالب لمفهوم البيئة والتلوث وختبار العينات - 3

ي المناقشة. استخدام أقل طرق التدريس بما ينسجم م - 4
 ع مستوى الطالب وفسح المجال للطلبة فز

 استخدام وسائل حديثة ومتطورة إليصال الكم األكبر من المعرفة للطالب.  - 5

ي الموضوع.  - 6
بوي فز  تفعيل دور اإلرشاد البر

 

 طرائق التعليم والتعلم

ة وااللقاء . 1  المحاضز

 المناقشة  . 2

 واجراء االمتحانات المفاجئة.  االستجواب . 3

 المختبر . 4

 البحوث . 5

ي مفردات المقرر الدراسي منة خالل استبيان 6
ي يحتاجونها فز

. اعالم الطلبة بالكتب المنهجية والكتب المساعدة التر

ز ورفع مستوى الطالب.  ز اداء التدريسيي  ز المنهج وتحسي   للسنوات السابقة لتحسي 

اب الدرجات للطلبة خالل الفصل الدراسي وبنتائجهم االمتحانية ومناقشة االخفاقات . اعالم الطلبة عن كيفية احتس7

 والنجاحات. 

ي والتقديم. . تكليف الطلبة 8
 بالواجبات، مثل كتابة اوراق بحثية ليكتسب الطلبة مهارات التعلم الذاتر

 طرائق التقييم

 االختبارات االسبوعية المفاجئة . 1

 االختبارات الشفوية. 2

 االختبارات التحريرية . 3

 التقارير. 4

 تقييم البحوث. 5

ي . 6
 تقييم النشاط الصفز
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 األول عليميةالوحدة الت

ي  األول سبوعاأل 
 ساعات 10الزمن :  - والثاتز

 

 التعرف على أنواع المياه. -1

 التعرف على الدورة الهايدرولوجية للماء. -2

 التعرف على مصادر المياه. -3
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Water- a precious natural resource 

 Water is the most important natural resource in the world since without it, life 

cannot exist and most industries could not operate. Although human life can exist for 

many days without food, the absence of water for only a few days has fatal 

consequences. The presence of a safe and reliable source of water is thus an essential 

prerequisite for the establishment of a stable community. In the absence of such a 

source, a nomadic life style becomes necessary and communities must move from one 

area to another as demands for water exceed its availability. It is therefore not surprising 

that sources of water are often jealously guarded and over the centuries, many 

skirmishes have taken place over water rights. History shows many occasions where 

agricultural development has been hindered by interference with water supplies as part 

of the conflict between landowners and settlers, which has occurred in numerous parts 

of the world. Other conflicts in relation to water supplies can arise because of the 

effects, which human and industrial wastes can have on the environment. This means 

that the importance of water as a natural resource, which requires careful management 

and conservation, must universally recognized. Although nature often has great ability 

to recover from environmental damage, the growing demands on water resources 

necessitate the professional application of fundamental knowledge about the water 

cycle to ensure the maintenance of quality and quantity. 

Water Resources 

Water is a finite natural resource and in the context of a tripling of global water use 

since 1950 many parts of the world are facing growing pressures on their water 

resources. In Europe, the demand for water has increased from 100 km 3 a year in 1950 

to 550 km 3 a year in 1990 with a predicted rise to 650 km 3 a year by 2000. In such 

circumstances, over abstraction from surface and underground supplies may provide 

short-term solutions but they are not sustainable in the longer term. The science of 

hydrology is concerned with the assessment of water resources in the hydrological cycle 

(Figure 1.1) and their management for the optimum results. It will appreciated that in 

any management plan for water resources it is vital to assess both the quality and 

quantity of the available supplies. The earth and its surrounding atmosphere contain 
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large amounts of water and about 7 percent of the earth's mass is made up of water. 

However, 96.5 percent of this water occurs as saline seawater and much of the 

remaining freshwater is incorporated into the polar icecaps and glaciers. Only about 0.7 

percent of the earth's water exists as freshwater in lakes, rivers, shallow aquifers and in 

the atmosphere. 

 

 

It is this water which takes part in the hydrological cycle and which fixes finite limits 

on availability. If this available water distributed on the earth's surface in the same way 

as its population, density there would be ample resources for all predicted needs. In 

practice, however, the spatial distribution of precipitation varies widely from many 

meters a year in mountainous tropical rain forests to essentially nil in major desert areas. 

This imbalance is well demonstrated by the fact that 20 percent of the freshwater on the 

earth is found in the Amazon Basin which has only a minute percentage of the earth's 

population. Even within continents, there are enormous variations between rainfall and 

population density. In general, heavy rainfall, which produces high runoff and good 

groundwater recharge, is found in mountainous regions with low population densities. 

Flat lowland areas, which are favored for both urban development and for agriculture, 

are often in the rain shadow of mountains and thus usually have low precipitation. In 



 

ي  زنجر             Lec. Ali A. Kamal Al-Barznji                         م. علي عبد الخالق كمال البر

 الجمهرية العراقية

 

Republic of Iraq 

 والبحث العلمي  العالي  وزارة التعليم
Ministry of Higher Education 

and Scientific Research 

 Northern Technical University الجامعة التقنية الشمالية

the UK, for example, the Scottish Highlands has an average population density of about 

two persons per km2 and precipitation can exceed 3 m a year. In South East England, 

the population density exceeds 500 persons per km 2 but the rainfall is only about 0.6 

m a year. Clearly, in what is usually thought of as a wet country there can be very wide 

variations in water availability on a local or regional basis. 

The renewable freshwater resources in the UK amount to about 2000 m 3 per person 

each year although for England and Wales, the figure is only 1400 m 3 per person per 

year and for the Thames region, it is only 250 m3 per person per year. The concept of 

available freshwater is used by hydrologists and water resources planners to 

characterize the situation in a region and it is generally accepted that within the range 

1000-2000 m3 of freshwater per person a year there is stress on natural water resources. 

When availability falls below 1000 m 3 per person a year, water scarcity becomes 

evident with increasingly severe constraints on food production, economic 

development and environmental protection. Table 1.1 gives examples of water 

availability in a range of countries covering both water-rich and water-scarce situations. 

Direct consumption of water by people is actually a relatively small percentage of the 

total water demand. The use of water for food production in agriculture is by far the 

most important global use and this use is particularly important in the developing 

countries. Agriculture consumes almost 65 per cent of all renewable water, industry 

around 20 percent and public water supply only about 7 percent. 
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 ساعة 15الزمن :  -ثالث والرابع والخامس ال سبوعاأل 

 

 نظرة عامة عن خصائص المياه والمياه العادمة. -1

 التعرف على الخصائص الفيزيائية للماء. -2

 التعرف على الخصائص الكيميائية الماء. -3

 التعرف على الخصائص البايولوجية للماء. -4

 للمياه. او النموذجية التعرف على الخصائص المثالية -5
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Characteristics of waters and wastewaters 

The chemical formula for water, H20, is widely recognized, but unfortunately, it is 

somewhat of a simplification since water has several properties, which cannot be 

explained by such a simple structure. At low temperatures, particularly, water behaves 

as if its molecular form was H6O3 or H8O4 held together by hydrogen bridges. As the 

temperature approaches freezing, these structural linkages become more important than 

the thermal agitation, which encourages a looser association of molecules. This 

interaction of the two molecular forces results in the effect that ice is less dense than 

water and the fact that the density of water increases as the temperature rises from ( 0 

C0  to  4 C0 ) and then decreases with further increases in temperature because of the 

greater effect of thermal agitation at higher temperatures. 

The most important characteristics of water and wastewater are: 

A- Physical characteristics 

B- Chemical characteristics 

C- Biological characteristics 

D- Typical characteristics 

A. Physical characteristics 

1. Temperature: important for its effect on other properties, e.g. speeding up of 

chemical reactions, reduction in solubility of gases, amplification of tastes and odors, 

etc. The normal temperature, of sewage is slightly higher than the temperature of the 

water supply because of the additional heat due to utilization of water. In addition, when 

the wastewater flows in closed pipes, its temperature future increases. 

2. Taste and odour: Due to dissolved impurities, often organic in nature, e.g. phenols 

and chlorophenols. They are subjective properties, which are difficult to measure. 

3.  Colour: The colour of the sewage indicates the freshness of sewage. If its colour is 

greyish brown or yellowish, it indicates fresh sewage. With passage of time, as 

putrefaction starts it begins to get black. The colour of stale and septic sewage is black 

(When all the oxygen has disappeared from sewage, it becomes septic). Other colors 

may also be formed due to presence of some specific industrial waste. The color of the 

sewage can normally be detected by the naked eye. 
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4. Turbidity: The presence of colloidal solids gives liquid a cloudy appearance, which 

is aesthetically unattractive and may be harmful. Turbidity in water may be due to clay 

and silt particles, discharges of sewage or industrial wastes, or to the presence of large 

numbers of microorganisms. 
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5. Solids: These may be present in suspension and/or in solution and they may be 

divided into organic matter and inorganic matter. Total dissolved solids (TDS) are due 

to soluble materials whereas suspended solids (SS) are discrete particles, which can be 

measured by filtering a sample through a fine paper. Settle-able solids are those 

removed in a standard settling procedure using a 1 liter cylinder. They are determined 

from the difference between SS in the supernatant and the original SS in the sample. 

6. Electrical conductivity: The conductivity of a solution depends on the quantity of 

dissolved salts present and for dilute solutions, it is approximately proportional to the 

TDS content, given by 

 

 

 

 

Knowing the appropriate value of K for a particular water, the measurement of 

conductivity provides a rapid indication of TDS content. 

7. Radioactivity: Measurements of gross 13 and ~/ activity are routine quality checks. 

Naturally occurring radon (an emitter) can be a possible long-term health hazard with 

some ground waters. 

B. Chemical characteristics 

Chemical characteristics tend to be more specific in nature than some of the physical 

parameters and are thus more immediately useful in assessing the properties of a 

sample. It is useful at this point to set out some basic chemical definitions. 

  Atomic weight - weight (mass) of an atom of an element referred to a standard 

based on the carbon isotope C12. Also 'relative atomic mass'. 

  Molecular weight - total atomic weight of all atoms in a molecule. 

  Molar solution - solution containing the gram molecular weight (mole) of the 

substance in 1 liter, signified by M. 
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 Valence - property of an element measured by the number of atoms of hydrogen 

that one atom of the element can hold in combination or displace. 

 Equivalent weight - the quantity of a substance which reacts with a given 

amount of a standard, given by 

 

 

 

 

 

Where, for acids, Z = the number of moles of H + obtainable from 1 mole of acid; for 

bases, Z = the number of moles of H + with which 1 mole of base will react. (A mole 

is the molecular weight in grams). 

 Normal solution - solution containing the gram equivalent weight of the 

substance in 1 liter, signified by N. 

Some important chemical characteristics are described below: 

1. PH: The intensity of acidity or alkalinity of a sample is measured on the pH scale, 

which actually indicates the concentration of hydrogen ions present. Water is only 

weakly ionized, as shown by the equilibrium. 
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2. Alkalinity: Due to the presence of bicarbonate, HCO3
-, carbonate, CO3

2-, or 

hydroxide OH-. Most of the natural alkalinity in waters is due to HCO~ produced by 

the action of groundwater on limestone or chalk. 

 

 

 

 

Alkalinity is useful in waters and wastes in that it provides buffering to resist changes 

in pH. It is normally divided into caustic alkalinity above pH 8.2 and total alkalinity 

above pH 4.5. Alkalinity can exist down to pH 4.5 because of the fact that HCO3
- is not 

completely neutralized until this pH is reached. The amount of alkalinity present is 

expressed in terms of CaCO3. 
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3. Acidity: Most natural waters and domestic sewage buffered by a CO2:HCO3 system. 

Carbonic acid, H2CO 3, is not fully neutralized until pH 8.2 and will not depress the pH 

below 4.5. Thus, CO2 acidity is in the pH range 8.2 to 4.5; mineral acidity (usually due 

to industrial wastes) occurs below pH 4.5. Acidity expressed in terms of CaCO 3. 

4. Hardness: This is the property of a water, which prevents lather formation with soap 

and produces scale in hot water systems. It is due mainly to the metallic ions Ca+2 and 

Mg+2although Fe2+ and Sr2+ are also responsible. The metals are usually associated with 

HCO3
-, SO4

2-, C1-and NO3
-. Hardness may actually have a health benefit, but economic 

disadvantages of a hard water include increased soap consumption and higher fuel 

costs. Hardness is expressed in terms of CaCO 3 and is divided into two forms, 

 carbonate hardness: due to metals associated with HCO 3
- 

 non-carbonate hardness: due to metals associated with SO4
2-, CI-, NO3

- 

The non-carbonate hardness obtained by subtracting the alkalinity from the total 

hardness. If high concentrations of sodium and potassium salts are present, the 

noncarbonated hardness value may be negative, since such salts could form alkalinity 

without producing hardness. 

5. Dissolved oxygen (DO): Dissolved oxygen is the amount of oxygen in the dissolved 

state in the wastewater. Through the wastewater generally does not have DO, its 

presence in untreated wastewater indicates that the wastewater is fresh? Similarly, its 

presence in treated wastewater effluent indicates that the considerable oxidation has 

been accomplished during the treatment stages. While discharging the treated 

wastewater into receiving waters, it is essential to ensure that at least 4 mg/l of DO is 

present in it. If DO is less, the aquatic animals like fish etc. are likely to be killed near 

the vicinity of disposal. The presence of DO in wastewater is desirable because it 

prevents  the formation of obnoxious odour. DO determination also helps to find the 

efficiency of biological treatment. 
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The actual quantity of DO governed by 

• Solubility of Oxygen. 

• Partial Pressure of oxygen in atmosphere. 

• Temperature. 

• Purity (Salinity, suspended solids etc.) of water. 

• The DO of wastewater decreases as the temperature increases. 

• The solubility of sewage in waste. DO content of sewage is determined by 

winklers method.  

 

  

6. Oxygen demand: Organic compounds are generally unstable and may be oxidized 

biologically or chemically to stable, relatively inert, products such as CO2, NO3, and 

H2O. An indication of the organic content of a waste can be obtained by measuring the 

amount of oxygen required for its stabilization using 



 

ي  زنجر             Lec. Ali A. Kamal Al-Barznji                         م. علي عبد الخالق كمال البر

 الجمهرية العراقية

 

Republic of Iraq 

 والبحث العلمي  العالي  وزارة التعليم
Ministry of Higher Education 

and Scientific Research 

 Northern Technical University الجامعة التقنية الشمالية

1. Biochemical oxygen demand (BOD) - a measure of the oxygen required by 

microorganisms whilst breaking down organic matter; 

2. Chemical oxygen demand (COD) - chemical oxidation using boiling potassium 

dichromate and concentrated sulphuric acid. 

The results obtained usually show COD > BOD in magnitude and the magnitude of the 

(BOD: COD) ratio increases as biological oxidation proceeds. 

7. Nitrogen: This is an important element since biological reactions can only proceed 

in the presence of sufficient nitrogen. Nitrogen exists in four main forms in the water 

cycle 

 Organic nitrogen- nitrogen in the form of proteins, amino acids and urea 

 Ammonia (NH3) nitrogen- nitrogen as ammonium salts, e.g. (NH4)2CO3, or as 

free ammonia 

 Nitrite (NO2) nitrogen- an intermediate oxidation stage not normally present 

in large amounts 

 Nitrate (NO3) nitrogen- final oxidation product of nitrogen. 

Oxidation of nitrogen compounds, termed nitrification, proceeds thus 

 

 

 

Reduction of nitrogen, termed denitrification, may reverse the process 

 

 

 

 

 

The relative concentrations of the different forms of nitrogen give a useful indication 

of the nature and strength of the sample. Before the availability of bacteriological 

analysis, the quality of waters was often assessed by considering the nitrogen content. 

A water containing high levels of organic and ammonia nitrogen with little nitrite and 

nitrate nitrogen would be considered unsafe because of recent pollution. On the other 



 

ي  زنجر             Lec. Ali A. Kamal Al-Barznji                         م. علي عبد الخالق كمال البر

 الجمهرية العراقية

 

Republic of Iraq 

 والبحث العلمي  العالي  وزارة التعليم
Ministry of Higher Education 

and Scientific Research 

 Northern Technical University الجامعة التقنية الشمالية

hand, a sample with no organic and ammonia nitrogen and some nitrate nitrogen would 

be considered relatively safe, as nitrification had occurred and thus pollution could not 

have been recent. 

8. Chloride: Chlorides are salts of hydrochloric acid or metals combined directly with 

chlorine. They are responsible for brackish taste in water and are an indicator of sewage 

pollution because of the chloride content of urine. The threshold level for chloride taste 

is (250-500mg/L), although up to (1500mg/L) is unlikely to be harmful to healthy 

consumers who are accustomed to that concentration. 

9. Trace organics: Over 600 organic compounds have been detected in raw water 

sources and most of them are due to human activity or industrial operations. Substances, 

which have been found, include benzene, chlorophenols, oestrogens, pesticides, 

polynuclear aromatic hydrocarbons (PAH) and trihalomethanes (THM). They are 

normally present in very low concentrations, but there is some concern about possible 

health effects if such materials were consumed over a long time even at trace levels. 

C. Biological characteristics 

Living organisms play major roles in many aspects of water quality control and thus 

the assessment of the biological characteristics of a water is often of great significance. 

It will suffice here to note that the bacteriological analysis of drinking water supplies 

usually provides the most sensitive quality assessment. Raw sewage contains millions 

of bacteria per milliliter and many organic wastewaters have large populations of 

bacteria, but the actual numbers are rarely determined. Conventional treatment methods 

for sewage and organic wastewaters rely on the ability of microorganisms to stabilize 

organic matter so that very large numbers of microorganisms found in wastewater 

treatment plants and in their effluents. Microorganisms can thus play valuable roles in 

wastewater treatment and sometimes in water treatment, but they usually considered as 

sources of potential nuisance and hazard in relation to drinking water. 

D. Typical characteristics 

Since waters and wastewaters vary widely in their characters, it is not desirable to give 

specifications for what might be termed 'normal' samples. It is perhaps useful, however, 
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to give some examples of typical water and wastewater qualities. Table below gives an 

outlines the characteristics of a typical sewage at various stages of treatment. 

 

 

Table below gives an indication of the characteristics, which would be expected, from 

three common sources of water. 
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Figure below gives a diagrammatic representation of the nature of domestic 

sewage. 
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 ثالثةال عليميةالوحدة الت

 ساعة 15الزمن :  - والسابع والثامنسادس ال سبوعاأل 

 

 .طرق اخذ العينات وطرق اجراء الفحوصات.نظرة عامة عن  -1

 للماء.طريقة التحليل الوزني التعرف على  -2

 لماء.طريقة التحليل الحجمي لالتعرف على  -3

 للماء. طريقة التحليل اللونيالتعرف على  -4

 .االقطاب طرق التحليل التي يستعمل بهاالتعرف على  -5
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Sampling and analysis 

To obtain an accurate representation of the composition and nature of a water or 

wastewater it is first essential to ensure that the sample analyzed is truly representative 

of the source. Having satisfied this requirement. It is then necessary to carry out the 

appropriate analytical procedures using standard techniques, which have been 

developed specifically for water and wastewater analyses. 

Sampling 

The collection of a representative sample from a source of uniform quality poses few 

problems and a single grab sample will be satisfactory. A grab sample will also be 

sufficient if the purpose of sampling is simply to provide a spot check to see whether 

particular limits have been complied with. However, most raw waters and wastewaters 

are highly variable in both quality and quantity so that a grab sample is unlikely to 

provide a meaningful picture of the nature of the source. This point is illustrated in 

Figure below, which shows typical flow and strength variations in a sewer. To obtain 

an accurate assessment in this situation it is necessary to produce a composite sample 

by collecting individual samples at known time intervals throughout the period and 

measuring the flow at the same time. 
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By bulking the individual samples in proportion to the appropriate flows, an integrated 

composite sample is obtained. Similar procedures are often necessary when sampling 

streams and rivers and with large channel sections, it may be desirable to sample at 

several points across the section and at several depths. Various automatic devices are 

available to collect composite samples and these may operate either on a time basis or 

on a flow-proportional basis. Sampling of industrial wastewater discharges may be even 

more difficult since they are often intermittent in nature. In these circumstances, it is 

important that the nature of the operations producing the discharge is fully understood 

so that an appropriate sampling program can be drawn up to obtain a true picture of the 

discharge. 

 

Analytical methods 

1. Gravimetric analysis: This form of analysis depends upon weighing solids obtained 

from the sample by evaporation, filtration or precipitation. Because of the small weights 

involved, a balance accurate to 0.0001 g is required together with a drying oven to 

remove all moisture from the sample. Gravimetric analysis is thus not suited for field-

testing. Its main uses are for the measurement of: 

 Total and volatile solids: a known volume of sample in a pre-weighed 

nickel dish evaporated to dryness on a water bath, dried at 1030C (for 

wastewaters) or 1800C (for potable waters) and weighed. The increase 

in weight is due to the total solids. The loss in weight on firing at 5000C 

represents the volatile solids. 

 Suspended solids (SS): a known volume of sample filtered under 

vacuum through a pre-weighed glass-fibre paper (Whatman GF/C) with 

a pore size of 0.45 or 1.2 µm. Total SS are given by the increases in 

weight after drying at 1030C and volatile SS (VSS) are those lost on 

firing at 5000C. 

 Sulphate: For concentrations above 10 mg/l, it is possible to determine 

sulphate by precipitating barium sulphate after the addition of barium 

chloride. The precipitate filtered out of the sample, dried and weighed. 
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2. Volumetric analysis: Many determinations in water quality control can carried out 

rapidly and accurately by volumetric analysis, a technique that depends on the 

measurement of volumes of liquid reagent of known strength. The requirements for 

volumetric analysis are relatively simple and are listed below 

 A pipette to transfer a known volume of the sample to a conical flask. 

 A standard solution of the appropriate reagent. It is often convenient to 

make the strength of the standard solution such that 1 ml of the solution 

is chemically equivalent to 1 mg of the substance under analysis. 

 An indicator to show when the end-point of the reaction has been reached. 

Various types of indicator are available, e.g. electrometric, acid-base, 

precipitation, adsorption and oxidation-reduction. 

 A graduated burette for accurate measurement of the volume of standard 

solution necessary to reach the end-point. 

3. Colorimetric analysis: When dealing with low concentrations, colorimetric 

analyses are often particularly appropriate and there are many determinations in water 

quality control, which can be quickly and easily carried out by this form of analysis. To 

be of quantitative use a colorimetric method must be based on the formation of a 

completely soluble product with a stable colour. The coloured solution must conform 

to the following relationships: 

1. Beer's law: Light absorption increases exponentially with the concentration of the 

absorbing solution. 

2. Lambert's law: Light absorption increases exponentially with the length of the light 

path. 
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The colour produced may be measured by a variety of methods: 

a. Visual methods: 

1. Comparison tubes (Nessler tubes). A standard range of concentrations of the 

substance under analysis is prepared and the appropriate reagent added. 

2. Colour discs: In this case, the standards are in the form of a series of suitably 

coloured glass filters through which a standard depth of distilled water or sample 

without colour-forming reagents is viewed. 

b. Instrumental methods: 

1. Absorptiometer or colorimeter: This type of instrument comprises a glass sample 

cell through which a beam of light from a low-voltage lamp is passed. A photoelectric 

cell whose output is displayed on a meter detects light emerging from the sample. 

2. Spectrophotometer: This is a more accurate type of instrument using the same basic 

principle as an absorptiometer but with a prism being employed to give monochromatic 

light of the desired wavelength. 

 4. Electrode techniques: The measurement of such parameters as pH and oxidation-

reduction potential (ORP) by electrodes has been widespread for many years and the 

technology of such electrodes is thus well established, pH is measured by the potential 

produced by a glass electrode- an electrode with a special sensitive glass area and an 

acid electrolyte, used in conjunction with a standard calomel reference electrode. 

Automated analysis, remote monitoring and sensing method 
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 رابعةال عليميةالوحدة الت

 ساعة 10الزمن :  -تاسع والعاشر ال سبوعاأل 

 
ى صحة االنسان والكائنات البيئية تأثيرها عله وكيفية قياسها ومدى التعرف على جودة الميا -1

 األخرى.

 التعرف على أنواع الفايروسات المسببة لالمراض. -2

 التعرف على االمراض المتعلقة بتلوث المياه. -3
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Water quality and health 

Because of the essential role played by water in supporting human life it also has, if 

contaminated, great potential for transmitting a wide variety of diseases and illnesses. 

In the developed world, water-related diseases are rare, due essentially to the presence 

of efficient water supply and wastewater disposal systems. However, in the developing 

world perhaps as many as 1.3 thousand million people are without safe water supply 

and almost 2 thousand million do not have adequate sanitation. As a result, the toll of 

water-related disease in these areas is frightening in its extent. Millions of people die 

each year as the consequence of unsafe water or inadequate sanitation and although 

exact information is difficult to obtain, WHO data give an indication of the magnitude 

of the problem 

 Each year over five million people die from water-related diseases. 

 Two million of the annual deaths are of children. 

 In developing countries, 80 per cent of all illness is water-related. 

 At any one time, half of the population in developing countries will be suffering 

from one or more of the main water-related diseases. 

 A quarter of children born in developing countries will have died before the age 

of five, the great majority from water-related disease. 

At any one time there are likely to be 400 million people suffering from gastroenteritis, 

200 million with schistosomiasis, 160 million with malaria and 30 million with 

onchocerciasis. All of these diseases can be water-related although other environmental 

factors may also be important. 

In the developed world, there is concern about the possible long-term health hazards 

which may arise from the presence of trace concentrations of impurities in drinking 

water, particular attention being paid to potentially carcinogenic compounds. There are 

several other chemical contaminants, which may be naturally occurring or man-made, 

having known effects on the health of consumers. It is therefore important that the 

relationships between water quality and health be fully appreciated by the engineers 

and scientists concerned with water quality control. 
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Characteristics of diseases 

Before considering the water-related diseases, it is useful to outline briefly the main 

features of communicable diseases. 

All diseases require for their spread a source of infection, a transmission route, and the 

exposure of a susceptible living organism. Control of disease is thus based on curing 

sufferers, breaking the transmission route and protecting the susceptible population. 

Engineering measures in disease control are essentially concerned with breaking the 

transmission route and medical measures are concerned with the other two parts of the 

infection chain. It is interesting to note that a former Director General of WHO 

suggested that the number of water taps per 100 population is a better indication of 

health than the number of hospital beds. He should perhaps have stipulated that the taps 

delivered safe water and added the level of sanitation provision in his comparison, but 

the basic concept is very true. 

Contagious human diseases are those in which the pathogen spends its life in the human 

body and can only live a short time in the unfavorable environment outside the body. 

This type of disease is thus transmitted by direct contact, droplet infection or similar 

means. With non-contagious diseases, the pathogen spends part of its life cycle outside 

the human body so that direct contact is not of great significance. Non-contagious 

diseases may involve simple transmission routes with extracorporeal development of 

the infective organism-taking place in soil or water. In many cases, however, more 

complex transmission routes occur with requirements for an intermediate host as part 

of the development of the parasite. It is thus important that control measures are 

developed in full knowledge of the transmission patterns of the particular disease. When 

a disease is always present in a population at a low level of incidence it is termed 

endemic. When a disease has widely varying levels of incidence, the peak levels are 

called epidemics and worldwide outbreaks are termed pandemics. 

 

 

 

 



 

ي  زنجر             Lec. Ali A. Kamal Al-Barznji                         م. علي عبد الخالق كمال البر

 الجمهرية العراقية

 

Republic of Iraq 

 والبحث العلمي  العالي  وزارة التعليم
Ministry of Higher Education 

and Scientific Research 

 Northern Technical University الجامعة التقنية الشمالية

Water-related disease 

There are about two dozen infectious diseases, shown in Table 5.1, the incidence of 

which can be influenced by water. These diseases may be due to viruses, bacteria, 

protozoa or worms and although their control and detection is based in part on the nature 

of the causative agent it is often more helpful to consider the water-related aspects of 

the spread of infection. In the context of diseases associated with water there has in the 

past been some confusion about the terminology applied. Bradley (1977) developed a 

more specific classification system for water-related diseases, which differentiates 

between the various forms of infections and their transmission routes. 
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Waterborne disease 

The commonest form of water-related disease and certainly that which causes most 

harm on a global scale includes those diseases spread by the contamination of water by 

human faces or urine. With this type of disease, infection occurs as shown in Figure 5.1 

when the pathogenic organism gains access to water, which is then consumed by a 

person who does not have immunity to the disease. The majority of diseases in this 

category, cholera, typhoid, bacillary dysentery, etc., follow a classical faucal-oral 

transmission route and outbreaks are characterized by simultaneous illness amongst a 

number of people using the same source of water. It should be appreciated that although 

these diseases can be waterborne they can also be spread by any other route, which 

permits direct ingestion of faucal matter from a person suffering from that disease. Poor 

personal hygiene of workers in food handling and preparation would provide an 

obvious infection route. The situation is further complicated in that some people may 

be carriers of diseases like typhoid so that although they exhibit no outward signs of 

the disease their excreta contain the pathogens. Screening for such a carrier state is often 

mandatory for potential employees in the water-supply industry although medical 

opinion is divided as to whether the screening is really an effective precaution. The 

infection pattern is not so simple in other waterborne diseases. Weil's disease 

(leptospirosis) is transmitted in the urine of infected rats and the causative organism is 

able to penetrate the skin so that external contact with contaminated sewage or 

floodwater can spread the disease. 
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Water - washed disease 

As described above, infections, which are transmitted by the ingestion of fiscally 

contaminated water, can also be spread by more direct contact between faces and 

mouth. In the case of poor hygiene, due to inadequate water supply for washing, the 

spread of infection may be reduced by providing additional water, the quality of which 

becomes a secondary consideration. Water in this context is a cleansing agent and since 

it is not ingested, the normal quality requirements need not be paramount. Clearly, 

waterborne faucal-oral diseases may also be classified as water-washed diseases and 

many of the diarrheal infections in tropical climates behave as water-washed rather than 

waterborne diseases. 

A second group of diseases can also be classified as water-washed. These include a 

number of skin and eye infections, which, whilst not normally fatal, have a serious 

debilitating effect on sufferers. The diseases of this type include bacterial ulcers and 

scabies, and trachoma. They tend to be associated with hot dry climates and their 

incidence can be significantly reduced if ample water is available for personal washing. 



 

ي  زنجر             Lec. Ali A. Kamal Al-Barznji                         م. علي عبد الخالق كمال البر

 الجمهرية العراقية

 

Republic of Iraq 

 والبحث العلمي  العالي  وزارة التعليم
Ministry of Higher Education 

and Scientific Research 

 Northern Technical University الجامعة التقنية الشمالية

This second group of water-washed infections is not also waterborne as those in the 

first group can be. 

Water-based disease 

A number of diseases depend upon the pathogenic organism spending part of its life 

cycle in water or in an intermediate host, which lives in water. Thus, human infection 

cannot occur by immediate ingestion of, or contact with, the organism excreted by a 

sufferer. Many of the diseases in this class are caused by worms, which infest the 

sufferer and produce eggs that are discharged in faces or urine. Infection often occurs 

by penetration of the skin rather than by consumption of the water. Schistosomiasis 

(also called bilharzia) is probably the most important example of this class of disease. 

The transmission pattern of schistosomiasis is relatively complex in comparison with 

waterborne diseases and is illustrated in Figure 5.2. If a sufferer excretes into water, 

eggs from the worms hatch into larvae, which can live for only 24 h unless they find a 

particular species of snail, which acts as an intermediate host. The larvae then develop 

in a cyst in the snail's liver which, after about six weeks, bursts and releases minute 

free-swimming cercariae, which can live in water for about 48 h. The cercariae have 



 

ي  زنجر             Lec. Ali A. Kamal Al-Barznji                         م. علي عبد الخالق كمال البر

 الجمهرية العراقية

 

Republic of Iraq 

 والبحث العلمي  العالي  وزارة التعليم
Ministry of Higher Education 

and Scientific Research 

 Northern Technical University الجامعة التقنية الشمالية

the property of being able to puncture the skin of humans and other animals and they 

can then migrate through the body via skin, veins, lungs, arteries and liver in a period 

of around eight weeks. The parasite then develops in the veins of the wall of the bladder, 

or of the intestine, into a worm which may live several years and which will discharge 

enormous numbers of eggs. 

It is unfortunate that schistosomiasis is often spread by irrigation schemes, which, 

unless carefully designed and operated, tend to provide suitable habitats for the snail 

host as well as increasing the likelihood of contact with the water by agricultural 

workers. Control measures for schistosomiasis include, as well as the obvious 

prevention of excretal contamination of water, creation of conditions unfavorable to the 

presence of the snails, prevention of human contact with potentially contaminated water 

and the insertion of a 48 h delay period after removal of snails before access to the water 

is permitted. Unfortunately, such measures are not easy to enforce and there may often 

be a conflict between the needs of schistosomiasis control and the desire to obtain 

agricultural and economic benefits from irrigation schemes in which some degree of 

water contact is inevitable. 

Dracunculiasis (guinea worm) is another water-based disease which is widespread in 

the tropics. In this case, the intermediate host is Cyclops, a small crustacean, and human 

infection occurs following the ingestion of water containing infected Cyclops. Eggs are 

discharged when an ulcer on the skin of a sufferer bursts and they can remain viable in 

water for one or two weeks. If Cyclops ingests eggs, they develop into larval forms in 

a further two weeks. 

The larvae leave the ingested Cyclops during human digestive processes and migrate 

through the tissues to the lower limbs of the body and eggs are discharged about nine 

months later. The vector species of Cyclops is prevalent in stagnant water with some 

organic content. Control of guinea worm, which can bring marked improvements in the 

health of the population, is essentially based on protection of water sources, particularly 

springs and wells. The provision of sloping hard standings and parapets round water 

sources will effectively prevent the access of eggs to the water. 
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Water-related insect vectors 

There are a number of diseases that are spread by insects, which breed or feed near 

water so that their incidence can be related to the proximity of suitable water sources. 

Infection with these diseases is in no way connected with human consumption of, or 

contact with, the water. Mosquitoes, which transmit malaria and a number of other 

diseases, prefer shallow stagnant water in pools, around the edges of lakes and in water 

storage jars. It is therefore important to ensure that water supply and drainage works do 

not provide suitable mosquito habitats, or, if this is unavoidable, mosquitoes should be 

prevented from gaining access by the provision of effective screens. Simulium flies, 

which transmit onchocerciasis (river blindness), breed in turbulent waters associated 

with rapids, waterfalls, etc., or created by engineering structures like weirs, energy 

dissipators, etc. Control is usually by use of insecticides injected upstream of the point 

of turbulence. 

Water-related diseases in developed countries 

The preceding text has been concerned with the major water-related diseases that are 

enormous hazards to public health in large areas of the world. Many of these diseases, 

particularly those of a gastrointestinal nature like cholera and typhoid, were widespread 

in Europe and North America last century but have virtually disappeared in developed 

countries because of improvements in public water supply and sanitation. However, the 

potential for waterborne disease is present and there have recently been a number of 

cases in the UK and in North America where pathogenic protozoans present in public 

water supplies have caused intestinal infections. These outbreaks have been caused by 

microorganisms of the Cryptosporidium and Giardia families, both of which can exist 

as small cyst forms, which can be widespread in the environment since they occur in 

the faces of many animals. The cysts are usually removed by sand filtration, but this 

cannot be guaranteed and they are resistant to chlorine (highly so in the case of 

Cryptosporidium) so that normal disinfection methods are unlikely to kill the 

organisms. Increasing concern at the possible health risks arising from these pathogens 

in water seem likely to give rise to some changes in the operation of rapid sand filters 

to prevent cysts appearing in the filtrate and the adoption of different disinfection 
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techniques. The latter aspect is of particular importance when dealing with unfiltered 

surface waters. There is some concern that cryptosporidiosis may become more 

important because it appears to be especially hazardous to people who are 

immunosuppressed. A further problem with Cryptosporidium is that the infective dose 

appears to be quite low, perhaps twenty viable oocysts, compared with the infective 

dose for Salmonella species of around 2000 viable cells. 

Outbreaks of Legionnaires' disease have lately come to some prominence and there is 

strong evidence to connect the incidence of this sometimes fatal type of pneumonia 

with the presence of Legionella pneumophila in domestic hot water supplies, shower 

heads, cooling waters and other aquatic systems which produce droplets or fine sprays. 

The disease is thus caused not by drinking microbiologically contaminated water but 

by breathing in a contaminated spray. The causative microorganism does in fact occur 

naturally in water sources, often those from underground, and since it is resistant to 

normal water treatment processes it can colonize water service systems in buildings,: 

particularly those with warm surroundings. There is also some evidence that certain 

freshwater amoebae can enter the body in fine droplets of water and infect the 

respiratory tract. Such water-dispersed diseases are likely to be more of a problem in 

developed countries and where water-based recreations are popular. Water contact 

sports such as swimming, sail boarding and white-water canoeing, where immersion in 

the water and exposure to spray are likely, do appear to somewhat increase the chance 

of gastrointestinal and ear, nose and throat infections amongst participants. 
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Biological oxidation of organic matter 

Many of the problems associated with water quality control are due to the presence of 

organic matter from natural sources or from wastewater discharges. This organic matter 

is normally stabilized biologically and the microorganisms involved utilize either 

aerobic or anaerobic oxidation systems. In the presence of oxygen, aerobic oxidation 

takes place, part of the organic matter being synthesized to form new microorganisms 

and the remainder being converted to relatively stable end products as shown in Figure 

6.1. In the absence of oxygen, anaerobic oxidation will produce new cells and unstable 

end products such as organic acids, alcohols, ketones, methane. 

The anaerobic methane-producing system, which is used in wastewater treatment, takes 

place in two stages. In the first stage, acid-forming microorganisms convert the organic 

matter into new cells and organic acids and alcohols. A second group of 

microorganisms, the methane bacteria, then continue the oxidation again utilizing part 

of the organic matter to synthesize new cells and converting the remainder to methane, 

carbon dioxide and hydrogen sulphide. 

The anaerobic reaction is much slower than the aerobic process and is inefficient as 

regards energy conversion; aerobic oxidation of glucose, for example, yields about 

thirty times the energy released by its oxidation anaerobically. 
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Nature of organic matter 

There are three main types of organic matter in water quality control. 

1. Carbohydrates, containing carbon, hydrogen and oxygen (CHO). Typical examples 

are sugars, e.g. glucose, starch, cellulose. 

2. Nitrogenous compounds, containing carbon, hydrogen, oxygen, nitrogen and 

occasionally Sulphur (CHONS). The main compounds in this group are proteins, which 

are very complex molecules, amino acids (the building blocks of proteins) and urea. 

The nitrogen in these compounds is liberated as ammonia on oxidation. 

3. Lipids or fats, containing carbon, hydrogen and a little oxygen (CHO). They are 

only slightly soluble in water but soluble in organic solvents. 
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Because of the numerous organic compounds found in wastewaters, it is rarely 

profitable or even feasible to isolate them. It is normally sufficient to determine the total 

amount of organic matter present (CHONS). 

Biochemical reactions 

Microorganisms use organic substances as a food source by means of a series of 

complex reactions. These reactions may be catabolic, in which the food is broken down 

to release energy, or anabolic, in which energy is utilized to synthesize new microbial 

cells. A vital link in the biochemical transfer of energy involves the compound 

adenosine triphosphate (ATP), the stored energy in which is released by breaking a 

phosphate bond and forming adenosine diphosphate (ADP). Energy from organic 

matter can then be used to convert ADP back to ATP to carry out further energy transfer 

reactions. 

Biochemical reactions controlled by enzymes, which are organic catalysts, produced 

by living organisms, capable of speeding up the reactions without being consumed in 

the process. Enzymes are proteins of high molecular weights, which are able to 

catalyze specific biochemical reactions. Their performance influenced by such factors 

as temperature, pH, substrate concentration and the presence of inhibitors. 

There are many different types of enzyme, characterized by names ending in - ase 

(oxidase, dehydrogenase, etc.), and they are classified by reference to the reaction 

which they control. Important enzyme-catalyzed reactions in water quality control are: 

 Oxidation - addition of oxygen or removal of hydrogen. 

 Reduction - addition of hydrogen or removal of oxygen. 

 Hydrolysis - addition of water. 

 DE hydrolysis- removal of water. 

 Deamination - removal of NH2 group. 

Hydrolytic extracellular enzymes located on the cell surface catalyze reactions, which 

occur mainly outside the microbial cell. Oxidation reactions occur when the substrate 

has been broken down by hydrolysis into units, which are able to pass through the cell 

wall to come under the influence of intracellular enzymes. 
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Nature of biological growth 

For successful biological growth, certain requirements must be satisfied: 

1. Sources of carbon and nitrogen. An empirical formula for a bacterial cell is 

C60H87O23N12P and this has implications on the necessary composition of a wastewater 

if biological treatment is to be used. Thus carbon, nitrogen and, to a lesser extent, 

phosphorus are essential elements for growth. In practical terms I kg of organic and 

ammonia nitrogen is required for between 15 and 30 kg of BOD, and 1 kg of phosphorus 

is required for between 80 and 150 kg of BOD. 

2. Energy sources. Microorganisms require energy for their metabolic activities and 

this energy must be made available by releasing the energy of formation bound up in 

chemical compounds when they were originally formed from their basic constituents. 

3. Inorganic ions. Many inorganic ions, mainly metals such as calcium, magnesium, 

potassium, iron, manganese, cobalt, etc., are essential to growth, although they are only 

required in minute amounts. Such ions are normally present in the water supply and 

thus also in sewage. 

4. Growth factors. Like other living organisms, microorganisms need growth factors 

such as vitamins, but here again these are normally present at the required level in 

wastewater. 

The absence of sufficient amounts of any of the above items can significantly influence 

the biological treatability of a wastewater and in some cases, it may be necessary to add 

the missing component to the wastewater. Vegetable processing wastes, for example, 

are often low in nitrogen so that ammonium salts may have to be added to ensure 

effective biological treatment. 

In a system where an inoculum of bacteria is added to a suitable substrate containing 

all the necessary nutrients and growth factors, the classical biological growth curve as 

shown in Figure 6.2 will be reproduced. If the bacteria have not previously been grown 

in the particular substrate, there may be a lag period in which the microorganisms 

develop adaptive enzymes to enable them to utilize the substrate. 

The initial active growth phase takes place with an excess of food so that growth is 

limited only by the rate at which the microorganisms can reproduce. In such 
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circumstances, the growth rate is logarithmic and the rate of increase of microorganisms 

(or biomass) is proportional to the mass of microorganisms present in the system, i.e. 
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Thus by plotting experimental determinations of biomass against time on a semi-log 

paper, the slope of the linear portion of the line gives the value of the specific growth 

rate µ. 

In the declining growth phase the rate of growth becomes increasingly limited by a 

reduction in the food concentration and possibly also by the accumulation of toxic end 

products in the system. When all the substrate has been exhausted, growth will cease 

and the numbers of microorganisms begin to fall in an auto digestion or endogenous 

respiration phase. Dead cells lyse and thus release some nutrients which provide a 

source of food for those organisms still living. Endogenous respiration occurs at an 

exponentially declining rate, which is analogous to the decay of radioisotopes. 

 

 

 

Not all of a microbial cell is capable of being utilized by other microorganisms, so that 

in the presence of endogenous respiration it is important to appreciate that the 

relationship between the mass of living cells and the mass of biological material will 

not remain constant. 

When considering wastewater treatment there is obviously a desire to reduce the 

substrate concentration to as low a value as possible. However, it is clear from Figure 

6.2 that the time of complete removal of substrate corresponds to the largest biomass 
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production which can in practical terms be equated to sludge production. Some 

reduction in sludge mass can be achieved by permitting endogenous respiration to take 

place, but this carries the penalty of a longer reaction time. This implies a larger 

treatment plant and thus increased operating costs. It is important to appreciate that the 

curve shown in Figure 6.2 is based on a batch reaction, whereas most treatment 

processes operate in a continuous mode with the reaction being fixed at a point on the 

time axis. It is useful to have some measure of the sludge producing potential of a 

substrate and this is given by the yield coefficient Y, 

 

 

 

 

 

Where So and St represent substrate concentrations at times 0 and t respectively with 

Xo and Xt being the biomass concentrations at these times. 

The actual value of the yield coefficient is influenced by the nature of the substrate and 

the type of microorganisms in the process as well as other environmental factors. For 

single substrates Y may vary from 0.29 to 0.70, but in relation to wastewaters, which 

are usually complex substrates, it is convenient to express Y as mass of volatile 

suspended solids (VSS) produced per mass of oxygen demand removed. In aerobic 

wastewater treatment systems a Y value of 0.55 in terms of COD is often used and for 

anaerobic systems the appropriate value of Y is usually about 0.1. 

In the earlier discussion of log growth it was postulated that the specific growth rate 

was unaffected by substrate concentration. In the limit, this is no longer true and the 

declining growth phase comes into play. In any system it would obviously be useful to 
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be able to predict the substrate concentration which becomes growth limiting. 

Experimental studies of the relationship between specific growth rate and substrate 

concentration show that in a pure-culture single-substrate system the specific growth 

rate approaches its maximum value asymptotically as the substrate concentration 

increases.  
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Oxygen demand in aerobic oxidation 

It is of great importance in water quality control that the amount of organic matter 

present in the system be known and that the quantity of oxygen required for its 

stabilization be determined. In the case of a simple compound like glucose, it is possible 

to write down the equation for its complete oxidation 

 

The chemical oxygen demand determinations using potassium permanganate or 

potassium dichromate measure a proportion of the UOD (a large proportion in the case 

of the dichromate method). Unfortunately these methods have two basic disadvantages 

in that they give no indication of whether or not the substance is degradable biologically 

and nor do they indicate the rate at which biological oxidation would proceed and hence 

the rate at which oxygen would be required in a biological system. Because of these 
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disadvantages a great deal of work on waste strength measurements is still done using 

the biochemical oxygen demand (BOD) test developed by the Royal Commission on 

sewage disposal at the turn of the century. 

The BOD test measures the oxygen consumed by bacteria whilst oxidizing organic 

matter under aerobic conditions. The oxidation proceeds relatively slowly and is not 

usually complete in the standard five day period of incubation. Simple organic 

compounds like glucose are almost completely oxidized in five days, but domestic 

sewage is only about 65 per cent oxidized and complex organic compounds might be 

only 30-40 per cent oxidized in this period. 

Exertion of BOD is normally assumed to follow a first-order reaction initially; although 

there is evidence that biological oxidation in practice is not necessarily so 

straightforward. In a first-order reaction, the rate of oxidation is proportional to the 

concentration of oxidizable organic matter remaining and once a suitable population of 

microorganisms has been formed the rate of reaction is controlled only by the amount 

of food available, i.e. 
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The value of k governs the rate of oxidation, as shown in Figure 6.4, and may be used 

to characterize the biological degradability of a substance. For domestic sewage, k is 

about 0.17/day at a temperature of 20 C0 For another temperature T new values can be 

found from 
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Necessary to carry out determinations of BOD over periods of, say, one to six days and 

then subject the data to some form of curve fitting process. A simple fitting technique 

due to Thomas (1950) relies on the fact that the expansions of (1 - e -Kt) and Kt (1 + 

Kt/6) -3 are very similar. 

 

The expression BOD t = L (1 - e -kt) can be approximated by BOD t = L.Kt (1 + Kt / 6) 

-3. 

 

 

In practice the shape of the BOD curve is modified by the effect of oxygen required for 

nitrification (Figure 6.5), but due to the slow rate of growth of nitrifying bacteria this 
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effect is not normally important until eight to ten days have elapsed with raw waste 

samples. However, in the case of treated effluents the effect of nitrification may become 

apparent after a day or two due to the presence of large numbers of nitrifying bacteria 

in the effluent. Nitrification can be inhibited in BOD samples by the addition of allyl 

thiourea (ATU), so that only carbonaceous oxygen demand is measured. It should be 

remembered, however, that nitrification does exert a significant oxygen demand. It is 

sometimes argued that the presence of nitrates in an effluent provides an oxygen 

reservoir, which may be utilized if further pollution occurs in the river. Unfortunately, 

however, oxygen from nitrates is only released when the DO falls below 1.0 mg/l, by 

which time much of the life in the water has been killed. Because of the biochemical 

nature of the BOD determination, its reproducibility is rarely better than + 10 percent 

and experimental results will only produce an approximation to a linear relationship 

when transformed in the manner described. 

The BOD test was originally intended to simulate conditions, which occurred following 

the discharge of an effluent to a river, and whilst there may be some resemblance 

between the conditions of the test and conditions in a surface water there is little relation 

between the test conditions and those which prevail in a biological treatment plant. The 

BOD test uses a small culture of microorganisms to stabilize organic matter in quiescent 

conditions and constant temperature with a limited DO supply. In a biological treatment 

plant, high concentrations of microorganisms are continuously agitated to keep them in 

contact with the concentrated substrate and an excess of DO is supplied. A further 

disadvantage of the BOD determination is that the results give no indication of the rate 

of oxygen uptake unless BODs are determined at daily intervals over a period instead 

of the standard five-day period. 

Because the solubility of oxygen in water at 20~ is only 9.1 mg/1 many samples would 

utilize all the DO long before the five days had elapsed. To determine BOD values on 

most samples it is therefore necessary to estimate the likely result and then dilute the 

sample by an amount sufficient to leave 1-2 mg/1 DO at the end of the test period. The 

diluted sample and the dilution water are aerated and their DO concentrations checked 

before BOD bottles are filled and incubated for five days. The remaining DO 
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concentrations in the diluted sample and dilution water bottles are determined and then 

BOD calculated as shown in the example below. 

Anaerobic oxidation 

With certain strong organic wastes, e.g. sludge, slaughterhouse discharges, etc., the 

oxygen requirement for aerobic stabilization is high and it becomes physically difficult 

to maintain aerobic conditions in the reaction vessel. In such circumstances anaerobic 

stabilization of the major part of the organic matter may be a suitable method of 

treatment in spite of its lower efficiency and slow rate of reaction. The basic difference 

between aerobic and anaerobic oxidation is that in the aerobic system oxygen is the 

ultimate hydrogen acceptor with a large release of energy. In the anaerobic system, the 

ultimate hydrogen acceptor may be nitrate, sulphate or various organic compounds, 

resulting in a much lower release of energy. Complete stabilization of organic matter 

cannot be achieved anaerobically, and it is normally necessary to treat the anaerobic 

plant effluent further by aerobic means if it is to be discharged directly to a receiving 

water. 

As seen in Figure 6.1, anaerobic oxidation is a two-stage process and as a result has 

certain operational problems. The acid-forming bacteria which carry out the first stage 

of the breakdown are fairly adaptable as regards environmental conditions, but the 

methane-formers responsible for the second stage are more sensitive. In particular, the 

methane-formers will only operate effectively in the pH range 6.5-7.5. It is thus 

important to control conditions to suit the methane bacteria. 

Overproduction of acids by the fast-acting acid-formers can rapidly result in a low pH, 

thus stopping the action of the methane-formers and leaving the reaction at a point 

where particularly unpleasant and odoriferous compounds have been produced. Further 

production of acid will lower the pH to such a level that even the acid-formers are 

inhibited and all action will cease. Matters can then only be rectified by pH correction 

with chemicals, usually lime, but prevention of such mishaps is a better solution and is 

achieved by careful observation of pH and volatile acids concentration. Both types of 

bacteria prefer warm conditions and optimum temperatures for anaerobic oxidation are 

about 35 C0 to 55 C0. 
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Problems 
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Water pollution and its control 

It is important to appreciate that all natural waters contain a variety of contaminants 

arising from erosion, leaching and weathering processes. To this natural contamination 

is added that arising from domestic and industrial wastewaters which may be disposed 

of in various ways, e.g. into the sea, on to land, into underground strata or, most 

commonly, into surface waters. 

Any body of water is capable of assimilating a certain amount of pollution without 

serious effects because of the dilution and self-purification factors, which are present. 

If additional pollution occurs the nature of the receiving water will be altered and its 

suitability for various uses may be impaired. An understanding of the effects of 

pollution and of the control measures which are available is thus of considerable 

importance to the efficient management of water resources. 

Types of pollutant 

Contaminants behave in different ways when added to water. Non-conservative 

materials including most organics, some inorganics and many microorganisms are 

degraded by natural self-purification processes so that their concentrations reduce with 

time. The rate of decay of these materials is a function of the particular pollutant, the 

receiving water quality, temperature and other environmental factors. Many inorganic 

substances are not affected by natural processes so that these conservative pollutants 

can only have their concentrations reduced by dilution. Conservative pollutants are 

often unaffected by normal water and wastewater treatment processes so that their 

presence in a particular water source may limit its use. 

As well as the classification into conservative or non-conservative characteristics, the 

following constituents of pollutants are of importance. 

1. Toxic compounds which result in the inhibition or destruction of biological activity 

in the water. Most of these materials originate from industrial discharges and would 

include heavy metals from metal finishing and plating operations, moth repellents from 

textile manufacture, herbicides and pesticides, etc. Some species of algae can release 

potent toxins and cases have been recorded where cattle have died after drinking water 

containing algal toxins. 
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2. Anything which may affect the oxygen balance of the water, including 

(a) Substances, which consume oxygen: these may be organic materials, which are 

biochemically oxidized or inorganic reducing agent. 

(b) Substances, which hinder oxygen, transfer across the air-water interface. Oils and 

detergents can form protective films at the interface, which reduce the rate of oxygen 

transfer and may thus amplify the effects of oxygen-consuming substances. 

(c) Thermal pollution, which can upset the oxygen balance because the saturation DO 

concentration reduces with increasing temperature. 

3. Inert suspended or dissolved solids in high concentrations can cause problems, e.g. 

china-clay washings can blanket the bed of a stream preventing the growth of fish food 

and removing fish from the vicinity as effectively as a direct poison. The discharge of 

saline mine drainage water may render a river unsuitable for water-supply purposes. 

It is obviously important to be able to assess the effect of a particular polluting discharge 

on a receiving water in quantitative terms and a first step is to utilize a mass balance 

approach. Figure 7.1 shows a river receiving a pollutant discharge 
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and it is possible to determine the downstream concentration of the pollutant, assuming 

instantaneous mixing with conservation of mass 

 

Since the sum of the flows arriving and leaving the discharge point must be equal (i.e. 

Q3 = Q1 + Q2) the downstream concentration C3 is easily calculated. Depending upon 

the nature of the pollutant it will then be possible to calculate the concentrations at 

points further downstream from the discharge, knowing the velocity of flow and hence 

the time of travel between the points. 
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Self-purification 

In a natural water, self-purification exists in the form of a biological cycle (Figure 7.2) 

which is able to adjust itself, within limits, to changes in the environmental conditions. 

In a low organic-content stream there is little nutrient material to support life so that 

although many different types of organisms may be present there are only relatively 

low numbers of each type. In streams with high organic content it is likely that the DO 

level will be severely depressed, producing conditions unsuitable for animals and 

higher plant life. In these circumstances, bacteria will predominate, although given 

sufficient time the organic matter will be stabilized, the oxygen demand will fall and a 

full range of life forms will appear again. 
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Self-purification involves one or more of the following processes. 

# Sedimentation, possibly assisted by biological or mechanical flocculation. The 

deposited solids will form benthal deposits which, if organic, will decay anaerobically 

and which, if resuspended by flood flows, can exert sudden high oxygen demands on 

the system. 

# Chemical oxidation of reducing agents such as sulphides. 

# Bacterial decay due to the generally inhospitable environment for enteric and 

pathogenic bacteria in natural waters. 

# Biochemical oxidation, which is normally by far the most important process. 

To prevent serious pollution it is important that aerobic conditions are maintained; this 

means that the balance between oxygen consumed by BOD and that supplied by 

reaeration from the atmosphere is not drastically disturbed. 
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Self-purification 

 

 It is a natural process of rivers, lakes or canals to recover the rate of dissolved 

oxygen values of the highest concentration of oxygen, which is one of the best 

indicators of water quality. 

 The self-purification process of water bodies or processes involving biological, 

chemical and physical processes working simultaneously on biological 

pollutants, oxidizing them and increasing the amount of dissolved oxygen. 
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FACTORS AFFECTING SELF-PURIFICATION 

1. DILUTION: 

When sufficient dilution water  is available in the receiving water body where the waste 

water is discharged, the DO level in the receiving stream may not reach to zero or 

critical DO due to availability of sufficient DO initially in the river water before 

receiving discharge of waste water. 

2. CURRENT: 

When strong water current is available, the discharge wastewater will be thoroughly 

mixed with stream water preventing deposition of solids. In small current, the solid 

matter from the wastewater will get deposited at the bed following decomposition and 

reducing DO. 

3. TEMPERATURE: 

The quantity of DO available in stream water is more in cold temperature than in hot 

temperature. In addition, as the activity of microorganisms is more at the higher 
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temperature, hence, the self-purification will take less time hot temperature than in 

winter. 

4. SUNLIGHT: 

Algae produces oxygen in presence of sunlight due to photosynthesis. Therefore, 

sunlight helps in purification of stream by adding oxygen through photosynthesis. 

5. RATE OF OXIDATION: 

Due to oxidation of organic matter discharged in the river DO depletion occurs. This 

rate is faster at higher temperature and low at lower temperature. The rate of oxidation 

of organic matter depends upon chemical composition of organic matter. 

 

OXYGEN SAG: 

The oxygen sag or oxygen deficit in the stream at any point of time during self-

purification process is the difference between the saturation DO and DO content at that 

time. 

Oxygen Deficit, 

𝐷=𝑆𝑎𝑡𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝐷𝑂−𝐴𝑐𝑡𝑢𝑎𝑙 𝐷𝑂 

 

ZONES OF POLLUTION IN THE STREAM 

1. Zone Of Degradation: 

Situated just below outfall sewer. 

Water is dark and turbid with sludge at the bottom. 

DO reduces up to 40% of saturation level. 

CO2 content increases. 

Conditions are unfavorable for aquatic life. 

2. ZONE OF ACTIVE DECOMPOSITION: 

Water in this zone becomes grayish and darker than previous zone. 

DO concentration falls to zero. 

Fish life is absent and bacteria is present. 

At the end of this zone DO rises to 40% of saturation. 

Aquatic life starts to reappear. 
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3. ZONE OF RECOVERY: 

Process of recovery starts. 

Stabilization of organic matter takes place into this zone. 

BOD falls and DO content increase above 40% value. 

NO2, SO4 and CO3 are formed. 

Near the end of this zone, entire aquatic life reappears. 

4. Clear Water Zone: 

Water becomes clearer and attractive in appearance. 

DO rises to saturation level. 

Oxygen balance is attained. 

Recovery is complete. 
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Groundwater pollution 

The straining action of soil and rocks as water percolates through them is normally 

sufficient to remove suspended impurities from contaminated infiltration flows. It 

should be noted, however, that excessive suspended solids can accumulate in the pores 

and thus eventually block the aquifer, preventing further recharge. Soluble impurities 

may be removed by the ion-exchange properties of some soils and rocks, but this is by 

no means the case with all contaminants. There is increasing concern in many countries 

about contamination of aquifers which may seriously inhibit their use as water sources. 

A major problem in some areas is the presence of high nitrate levels in groundwater 

due to increased drainage and heavy fertilizer applications which tend to occur as the 

result of intensive farming practices. In the EU a nitrate directive requires the 

designation of 'nitrate vulnerable zones' (NVZs) where the nitrate nitrogen 

concentration in an aquifer is likely to exceed 50 mg/l. Within a NVZ, action plans are 

established to control agricultural and other activities which influence nitrate 

concentrations in the groundwater but it may be many years after the introduction of 

such measures before significant reductions in groundwater nitrate levels occur. 

The use of soakaways for the disposal of domestic and industrial wastewaters and for 

the removal of surface runoff can produce major groundwater quality problems and 

there are potential hazards from fuel storage installations and oil pipelines. The seepage 

from solid wastes tips can be highly polluting and strict planning controls are enforced 

in many areas to prevent construction of such facilities where groundwater pollution is 

possible. 

Organic matter entering an aquifer will be stabilized very slowly because the oxygen 

demand soon deoxygenates the water and produces anaerobic conditions. 

This can result in the production of unpleasant tasting and smelling compounds as well 

as causing the dissolution of iron from the surrounding rocks. A major problem with 

groundwater pollution is the lack of significant self-purification capacity so that once 

polluted, an aquifer may become useless for water supply purposes for the foreseeable 

future. In the UK about 30 per cent of public water supply is derived from groundwater, 

in the USA about 50 per cent and in Denmark 99 per cent. Protection of groundwater 
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quality is thus a vital aspect of water quality control and conservation of water 

resources. Particular care must be taken to protect important aquifers and in some cases 

underground disposal of liquid wastes and solid waste tips with leachate problems may 

only be permitted if the aquifer is known to be completely isolated from the potential 

source of pollution. A groundwater protection strategy to protect aquifers can be 

developed based on an assessment of the vulnerability of individual aquifers to 

contamination. Protection zones can then be established to ensure that potentially 

polluting activities in the catchment are closely controlled and the risks of 

contamination minimized. The groundwater protection policy used in England and 

Wales identifies zones around a groundwater abstraction: 

 zone I (inner source protection)- immediately adjacent to the groundwater 

abstraction and defined as an area within a 50 day travel time of the abstraction 

 zone II (outer source protection) - area within a 400 day travel time of the 

abstraction 

 zone III (source catchment) -complete catchment of the source. 

Landfills of any type are prohibited in zone I; domestic, inert and construction waste 

landfills are permitted in zone II with adequate operational safeguards; highly polluting 

industrial waste landfills would only be permitted in zone III if they had an engineered 

containment system. Similar constraints apply to the land disposal of liquid wastes, 

sludges and slurries, surface water drainage and wastewater effluents in the various 

zones. 

Pollution of tidal waters 

For many years communities with access to tidal waters have utilized such waters as a 

convenient disposal facility. The potential for dilution and dispersion of pollutants in 

the open sea is considerable and there is a large self-purification capacity. This does not 

mean that the seas can be considered as an infinite sink for the disposal of unwanted 

materials nor does it mean that all tidal waters are suitable for sewage discharges. The 

upper reaches of a tidal estuary are likely to have pollution-assimilating characteristics 

similar to those of the non-tidal reaches of the river. Narrow tidal estuaries or those 

with land-locked exits often have complex flow characteristics which mean that 
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discharges can take several days to travel a relatively short distance to the open sea. On 

the other hand, sewage discharges to deep open water with strong tidal flows are likely 

to be almost undetectable. There is strong pressure from environmental groups to end 

the discharge of untreated sewage to all tidal waters and such disposal practices will be 

illegal in the EU within a few years. The scientific validity of a blanket ban on the 

discharge of untreated sewage to all tidal waters is dubious at best, although it can be 

justified in certain circumstances. Provided discharges to the open sea are made through 

long outfalls with well designed diffusers on the sea bed any environmental effects are 

likely to be negligible. When discharges are made to areas near bathing beaches and 

shellfish beds or where ambient temperatures are high and tidal action is limited it may 

be necessary to install full conventional sewage treatment as used for inland discharges. 

It may also be desirable to disinfect the effluent before release when bathing waters are 

involved. Eutrophication can occur in land-locked estuaries and bays with prolific 

growths of algae creating a public nuisance so that in some situations nutrient control 

in the catchment area may be necessary. Problems can also arise in coastal waters where 

nutrient discharges can encourage the growth of dinoflagellate algae, some of which 

release powerful toxins which can be dangerous to consumers of shellfish feeding in 

the area. 
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Control of pollution 

Because of the need to reconcile the various demands on the aquatic environment and 

on water resources most countries have pollution control bodies to maintain and 

hopefully improve water quality. It is perhaps worth quoting at this point the European 

Commission statement that water pollution means the discharge by man of substances 

into the aquatic environment the results of which are such as to cause hazards to human 

health, harm to living resources and aquatic ecosystems, damage to amenities or 

interfere with other legitimate uses of water. It follows that for a discharge to be termed 

polluting there must be evidence of actual harm or damage. 

 

 

 

Water quality management 

As an example of modem concepts in water management, it is useful to consider how 

in England and Wales all aspects of the hydrological cycle came under the control of 

the National Rivers Authority (NRA) in 1989. The Authority operated on a regional 

basis with responsibility within the catchment of a major river or rivers for monitoring 

of water quality, control of pollution, management of water resources for public supply, 

provision of effective flood defences, improvement and development of fisheries, 

conservation and protection of the water environment and the promotion of water-based 

recreational activities. The NRA granted consents to discharge effluents to surface 

waters and groundwater subject to the discharge meeting appropriate standards as to 

composition and flow. If certain particularly hazardous ('red list') substances, shown in 

Table 7.3 were present, consents to discharge were set by Her Majesty's Inspectorate of 

Pollution (HMIP) in consultation with the NRA. The discharge of these prescribed 

substances must be prevented or minimized to render harmless any release. 
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This was part of the policy of'integrated pollution control' (IPC) which aims to ensure 

that such substances do not contaminate any sector of the environment. Similar 

mechanisms are used in most developed countries by either regional or national 

regulatory authorities. Increasing public awareness of the water environment has 

caused more emphasis to be placed on water pollution control activities and the 

adoption of 'best available technology' (BAT) treatment processes, particularly for 

industrial wastewaters, may be stipulated. As technologies develop it may become 

possible to achieve higher effluent qualities and the BAT concept may therefore 

contribute to a 'ratchet' effect on consent standards. BAT may involve significant extra 

costs over previous treatment techniques and this is recognized by the use of the term 

BATNEEC (best available technology not entailing excessive cost). As effluent 

standards become more demanding the financial implications for the public and 

industry may reach the point where the economic solution may be to cease the 

discharge.  
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This is not really practical for domestic wastewater discharges but could sometimes be 

an option for industry, resulting in a change of process, or closure of the production 

facility. The latter approach can of course have major political implications if, as is 

likely, it results in job losses. At that stage it becomes necessary to try to balance 

environmental benefits against unemployment in a highly emotive arena. 

In 1996 a new Environment Agency was established in England and Wales taking over 

the duties and responsibilities of the NRA, HMIP and the waste regulation authorities 

which were previously part of local government. The new Agency provides a fully 

integrated approach to environmental management which should ensure that quality is 

maintained and enhanced in the air, land and water sectors of the environment. Local 

Environment Agency Plans (LEAPs) aim to arrive at agreed solutions to environmental 

management and build on the experience gained by the NRA in its preparation of 

catchment management plans (CMPs). The Scottish Environment Protection Agency 

(SEPA) has a similar role in Scotland. 

The process of catchment management planning allows an independent regulator to 

balance competing requirements and the differing interests of all users of a river system. 

The environmental potential of a catchment can then be realized in terms of water 

quality, water quantity and physical features. A catchment management plan focuses 

on a river and its associated corridor to analyse the issues which affect the catchment 

and to suggest solutions to resolve problems and conflicts. Many of the issues in a 

catchment can only be addressed with the co-operation and assistance of other bodies, 

organizations or industries, so that the preparation of a CMP must involve consultation 

with local communities and others with an interest in the matter. 

Standards for water pollution control can be based either on the quality required in the 

receiving water (the 'water quality objective' or WQO approach) or they can be applied 

directly to the discharge without reference to the conditions relating to the receiving 

water (the 'emission standard' approach). The WQO approach is more logical since it 

can take into account the dilution available and the other uses of the receiving water. It 

can, however, cause problems if a new discharge is made to the system since all existing 

discharge consents must be revised downward or the new discharge may be required to 
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attain an impossibly high standard. There could be inequalities in the degree of 

treatment required for similar wastewaters discharged to different reaches of the river 

because of variations in the assimilative capacity. Emission standards are 

administratively convenient in that they are applied across the board to all similar 

discharges. However, because they make no allowance for the specific characteristics 

of a particular location, such as self-purification capacity and downstream water use, 

emission standards are often economically and scientifically unsound. In practice a 

combination of fixed emission standards and the WQO approach may offer some 

practical and economic advantages. Whatever method is used for the control of water 

pollution the primary objectives are to safeguard public and industrial water 

abstractions, to safeguard public health, to maintain and improve fisheries, to maintain 

and restore water quality and to conserve aquatic flora and fauna. 

Water pollution control in the UK was for many years largely based on the pioneering 

work of the Royal Commission on Sewage Disposal which in its Eighth Report (1912) 

proposed the adoption of effluent standards related to the conditions prevailing in the 

receiving water. In its studies the Commission concluded that a BOD of 4 mg/1 in a 

watercourse was a limit of acceptability which, if exceeded, would indicate a significant 

degree of pollution. A clean river was believed to have a BOD of 2 mg/1 and when 

considering a typical sewage works effluent BOD of 20 mg/l it can be calculated that a 

dilution of 8:1 with clean river water is necessary to prevent the downstream BOD 

exceeding 4 mg/1. 

This concept gav e rise to the Royal Commission effluent standard of 20mg/1 BOD and 

30mg/1 SS which was taken as applying as a 75 percentile value. In many cases 

effluents were discharged at the 20:30 standard but, because of insufficient dilution, 

pollution could be serious. It must be said, however, that the Commission was 

somewhat pessimistic in its choice of 4 mg/l BOD as a limit. There are in fact many 

watercourses, which have the oxygenation capacity to assimilate considerably more 

than 4 mg/1 BOD without significant environmental damage. 

A major research programme on urban pollution management (UPM), with particular 

emphasis on urban rivers, funded by government, industry and the research councils 
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has been undertaken in the UK to aid in the development of pollution control strategies. 

This project has involved study of the performance of stormwater overflows, the 

influence of storm profiles on system performance and the contributions of suspended 

matter to the pollution load. In urban areas sewage discharges from combined sewer 

overflows (CSOs) can be a major cause of river pollution, particularly where the 

sewerage systems are in need of rehabilitation. In order to upgrade sewerage systems 

effectively it is necessary to quantify the effect of the storm overflows on receiving 

water quality. A suite of computer models permits simulation of a particular river 

system and enables rational formulation of discharge consents and control policies as 

well as providing valuable information on optimizing investment in the system for the 

best environmental improvements. 
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Introduction to treatment processes 

It will be apparent from previous chapters that waters and wastewaters often have 

highly complex compositions and that modifications to the composition are usually 

necessary to suit a particular use or to prevent environmental degradation. It follows 

that a variety of treatment processes will be necessary to deal with the range of 

contaminants likely to be encountered.  

Contaminants may be present as 

 Floating or large suspended solids: In water - leaves, branches, etc.; in 

wastewater- paper, rags, grit, etc. 

 small suspended and colloidal solids: in w a t e r - clay and silt particles, 

microorganisms; in wastewater- large organic molecules, soil particles, 

microorganisms 

 dissolved solids: in water- alkalinity, hardness, organic acids; in wastewater -

organic compounds, inorganic salts 

 dissolved gases: in water- carbon dioxide, hydrogen sulphide; in wastewater - 

hydrogen sulphide. 

 Immiscible liquids, e.g. oils and greases. 

The actual particle size at which the nature of the material changes from one group to 

another depends upon such physical characteristics as specific gravity of the material 

and the division between groups is, in any event, indistinct. In certain cases it may be 

necessary to add substances to the water or wastewater to improve its characteristics, 

e.g. chlorine for disinfection of water, oxygen for the biological stabilization of organic 

matter. 

Methods of treatment 

There are three main classes of treatment process (summarized below), typical 

operational ranges of which are shown in Figure 9.1. 

1. Physical processes, which depend essentially on physical properties of the impurity, 

e.g. particle size, specific gravity, viscosity, etc. Typical examples of this type of 

process are screening, sedimentation, filtration, gas transfer. 
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2. Chemical processes, which depend on the chemical properties of an impurity or 

which utilize the chemical properties of added reagents. Examples of chemical 

processes are coagulation, precipitation, ion exchange. 

3. Biological processes, which utilize biochemical reactions to remove soluble or 

colloidal impurities, usually organics. Aerobic biological processes include biological 

filtration and activated sludge. Anaerobic oxidation processes are used for the 

stabilization of organic sludges and high strength organic wastes. 

In some situations, a single treatment process may provide the desired change in 

composition but in most cases it is necessary to utilize several processes in combination. 

For example, sedimentation of a river water will remove some, but by no means all, of 

the suspended matter. The addition of a chemical coagulant followed by gentle stirring 

(flocculation) will cause the agglomeration of colloidal particles which can then largely 

be removed by sedimentation. Most remaining non-settleable solids can be removed by 

filtration through a bed of sand. The addition of a disinfectant serves to kill any harmful 

microorganisms which have survived the preceding stages of treatment. 
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The probable combinations of treatment processes required to produce potable water 

from various sources are given in Table 9.1 and Table 9.2 shows typical domestic 

sewage treatment systems for various effluent qualities. Flow sheets and typical design 

criteria for conventional water-treatment and domestic sewage-treatment plants appear 

in Figures 9.2 and 9.3 respectively. 

Optimized design 

As outlined above, treatment plants usually consist of a number of unit processes or 

operations in combination. Most plants are designed using fairly standard criteria, of 

the type shown in Figures 9.2 and 9.3, which have been developed over the years and 

which will usually produce satisfactory levels of performance. 

However, it is important to appreciate that such an approach usually tends to lead to 

a somewhat conservative design. A more rational approach is based on the concept of 

the treatment units forming a system in which each unit is designed to perform a 

particular function and the overall system is optimized economically. 

Increasing capital and operational costs mean that investments in treatment plants 

must be scrutinized carefully to ensure that the best value for money is obtained. 

Whilst it is true that the effective operation of water and wastewater treatment 

processes can have a highly beneficial effect on public health, such activities should 

not be shielded from rational analysis. 

The use of systems analysis concepts to develop mathematical optimizing models of 

treatment plants can provide a useful aid to the designer provided that reliable 

performance and cost data are available. A primary requirement for optimization is 

the availability of performance relationships for each unit process, linking input and 

output qualities with a characteristic loading parameter. Performance relationships 

may be established on the basis of knowledge of the theoretical behaviour of the 

particular process or on the basis of an empirical model for the process. In either case 

it is necessary to prove that the model developed does provide a satisfactory 

representation of the process for which it has been produced. 

The costs of treatment, both capital and operating, are important factors in any design 

but the establishment of reliable cost functions is not easy because of site specific 
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conditions. Wide variations in capital costs are found at different plants since ground 

conditions or site configuration can have a marked effect on costs and make 

comparison with data from other plants somewhat difficult. There are, however, clear 

economies of scale with most treatment facilities so that the per capita cost of water 

or wastewater treatment for a village will be several times greater than for a city. 

By combining performance relationships and cost functions it is possible to produce 

a mathematical model of a complete treatment plant which can be used by a designer 

to evaluate a number of treatment options and thus arrive at the optimum design. A 

number of commercial treatment plant models are now available of which STOAT 

produced by the Water Research Centre (WRC) is a good example of a dynamic 

performance simulation model. 
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Control and operation 

Water and wastewater treatment plants involve a number of inter-related processes and 

operations which can be carried out manually but which are increasingly being 

undertaken by automatic control systems. The growth of information technology (IT) 

has encouraged the adoption of SCADA (supervisory control and data acquisition) 

systems which can enable complex plants and even groups of plants to be operated from 

a central location by small numbers of supervisory staff. An extension to this concept 

is to incorporate intelligent knowledge-based systems into the control framework so 

that in most circumstances human intervention is not required. It is important to 

appreciate that such IT systems can be costly to purchase and they require highly skilled 

staff for their installation, calibration and maintenance. 

There are three basic options for a process plant, described below. 

1. Completely manual operation and control in which all decisions and adjustments are 

undertaken by human operatives. Individual valves and other controls are operated 

manually at their locations as required by flow measurements and/or water quality 

measurements. 

2. Manual operation with automated control in which decisions are made by human 

operatives who manually initiate the operation of valves and other controls from a 

central location. 

3. Fully automated operation and control in which all normal decisions are made and 

acted upon by local or central programmed logic controllers integrated into an 

intelligent system. 

In broad terms, these options have increasing capital costs and decreasing manpower 

needs although the fully automated system will require a small number of highly 

qualified staff for its maintenance and to take manual control in the event of system 

malfunction or failure. 

A completely manual system would involve adjusting valves, starting or stopping 

pumps and other mechanical equipment, altering chemical dosing, desludging tanks and 

backwashing filters as indicated by oral or written information on flow or quality. Such 
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a system would use local operation and thus require regular visits to various parts of 

the plant. This has the benefit of providing visual inspection of treatment units but may 

be unpopular with workers at night or in bad weather when safety hazards may exist. 

An automated manual system reduces the need for staff by collecting information on 

flow and quality, often from remote continuous sensors, and presenting relevant 

information to a centrally located controller who can then alter or adjust individual parts 

of the plant by remote control without visiting their location. This provides a better 

integrated operation of a plant and reduces the need for regular visits to remote parts of 

the plant. Alarm systems are essential to indicate if control actions initiated by the 

controller have not been actioned at the remote location. 

In a fully automated system, information on flow and appropriate quality parameters 

together with status reports on individual components is supplied to a central computer. 

This central computer, often assisted by local programmed logic controllers, uses 

models of the plant components to enable decisions to be reached and actioned. Such 

systems need to be carefully set up and calibrated with fail-safe operating controls and 

alarms to indicate the need for human override. 

The most advanced automated systems include a learning mode which permits them to 

add to their intelligence and reduce the need in the future for human intervention. Early 

automated systems were somewhat limited because decisions were reached on a 'yes/no' 

basis. Newer systems are able to use 'fuzzy logic', as does the human brain, to arrive at 

decisions which are 'probably' or x per cent correct, given the information received. 

In essence, process control implies the use of information to maintain flow or quality 

parameters within specified limits. Thus a person observing a steady fall in a flow meter 

indication can adjust a valve to return the flow to its required value. 

Equally a microchip can achieve the same objective on the basis of instructions with 

which it has been supplied. There are two basic types of control system. 

1. Feedforward control in which measurements in the feed to a process are used to 

adjust the process conditions by means of a model which uses the measured value(s) to 

predict the process state. The model then determines the change in regulator position 
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(valve opening, chemical dose, etc.) to achieve the required value of the control 

variable. 

2. Feedback control uses measurements in the output to make appropriate adjustments 

to the process state. The controller determines an error value by comparing the 

measured and required values of the control variable. The correction value produced is 

a function of the size of the error and the effect of the control signal is transmitted back 

to the controller as the process variable returns to the required value. 

With feedback control three options are available 

1. Proportional, where the correction signal is proportional to the error 

2. Integral, where the correction signal is proportional to a time-integrated value of the 

error 

3. Derivative, where the correction signal is proportional to the rate of change of the 

error. 

Simple proportional control may result in an equilibrium value which is offset from the 

required value and a sensitive system can oscillate or 'hunt' about the required value 

with wide variations. Proportional plus integral control ensures that adjustments 

continue as long as an error exists so that even small errors can be reduced and offset 

eliminated. Proportional plus derivative control speeds up the control action by 

anticipating future errors and taking pre-emptive action. 

This reduces oscillations but with constant errors an offset equilibrium may occur. 

Proportional plus integral plus derivative control (three-term control) uses integral 

action to eliminate offset and derivative action to speed up response to deviations and 

decrease oscillations. As a controller becomes more complex, costs increase and initial 

setting up and calibration becomes more difficult. It is therefore important to select a 

control system which satisfies the particular needs and process characteristics. A 

complex PID controller is not necessarily the most suitable for a relatively stable 

process but could be essential for an unstable process with rapid response times. It could 

be argued that such a process is not really desirable in water or wastewater treatment in 

any event! 
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Disinfection 

The small size of microorganisms means that complete removal of them from water by 

processes such as coagulation and filtration cannot be guaranteed. In the case of many 

groundwater there may be no apparent need for treatment, but the presence of bacteria 

and viruses is always possible. Because of the public health significance of waterborne 

microorganisms it is thus essential to ensure the elimination of potentially harmful 

microorganisms from potable waters by the use of a suitable disinfection process. 

Domestic wastewater and many industrial discharges contain large numbers of 

microorganisms and conventional wastewater treatment processes are not primarily 

intended to remove pathogenic microorganisms although their numbers are 

significantly reduced after treatment. 

Where such effluents are discharged to bathing waters or are used for irrigation 

purposes destruction of the pathogens and indicator organisms for human pollution may 

be desirable. Universal disinfection of wastewaters is usually considered undesirable 

since the removal of most of the microorganisms will inhibit the self-purification 

process in the receiving water and disinfectant residuals and by-products may harm 

aquatic life. 

It is important to differentiate between disinfection, which implies the killing of 

potentially harmful organisms, and sterilization, which means killing all living 

organisms. Potable water supplies are normally disinfected and sterilized waters are 

only used for medical or pharmaceutical purposes. 

Theory of disinfection 
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Since N t will never, in practice, reach zero it is usual to specify kill as a percentage, 

e.g. 99.9 per cent. The rate constant (K) as well as depending on the particular 

disinfectant also varies with disinfectant concentration, temperature, pH, the 

microorganism concerned and other environmental factors. The most popular 

disinfectant for water is chlorine, which does not obey equation 16.1 but follows the 

relation  
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Thus, within reason, the required degree of disinfection can be achieved by a high dose 

for a short contact time or a lower dose for a longer contact time. It is important to 

ensure that the flow patterns in the disinfection contact tank are such that the actual 

flow-through time is as close as possible to the theoretical plug-flow residence time. If 

the flow-through characteristics are unstable with significant amounts of short-

circuiting the required dose and contact time combination may not be achieved, with 

detrimental effects on the disinfection process. 

Chlorine 

Chlorine (and its compounds) is widely used for the disinfection of water because it 

 is readily available as gas, liquid, or powder 

 is cheap 

 is easy to apply due to relatively high solubility (7000mg/l) 

 leaves a residual in solution which, while not harmful to humans, provides 

protection in the distribution system 

 Is very toxic to most microorganisms, stopping metabolic activities. 

It has some disadvantages in that it is a poisonous gas which requires careful handling 

and it can produce disinfection by-products (DBPs) which may give rise to tastes and 

odors and might be long-term health hazards. 

Chlorine is a powerful oxidizing agent, which will rapidly combine with reducing 

agents and unsaturated organic compounds. 

H2S + 4C12 + 4H20 ---) H2SO4 + 8HC1 

This immediate chlorine demand must be satisfied before chlorine becomes available 

for disinfection. 1 mg/1 of chlorine will oxidize 2 mg/1BOD, but this is not normally a 

feasible method of wastewater treatment because of cost and the large amounts of by-

products which would be produced. 

After the chlorine demand has been satisfied, the following reactions can occur, 

depending on whether ammonia is present. In the absence of ammonia, 
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The break point theoretically occurs at 2 parts C12 to 1 part NH3 but in practice the ratio 

is usually nearer 10"1. Beyond the break point the flee residual is proportional to the 

dose. 

Troublesome tastes and odours can be destroyed using the oxidizing action of excess 

chlorine in the process known as superchlorination, the excess chlorine being removed 

by sulphonation, after the desired contact time, according to the reaction  

C12 + SO2 + H20  H2SO4 + HC1 

Concern has recently been expressed in some circles about the presence in water of 

small concentrations of DBPs many of which are organochlorine compounds, some of 

which are carcinogenic at relatively high doses in animals. 

There thus may be a potential hazard in the lifetime consumption of drinking water with 

concentrations of a few ~g/1 of these disinfection by-products. The organochlorines, of 

which trihalomethanes (THMs) such as chloroform are the most common, occur when 

raw waters containing organic matter, e.g. from sewage effluents, are disinfected with 

chlorine. There is no scientific evidence that the levels currently found in water supplies 

are in any way hazardous, but it is sensible to endeavour to prevent their formation by 

careful process control and avoidance of unnecessary use of chlorine. Attempts are 

frequently made to prevent THM formation by adjusting treatment processes to remove 

the precursors of these substances before chlorination is carried out. 

It has recently been stressed by WHO that the risks of health hazards from DBPs are 

infinitesimal when compared with those due to ineffective disinfection. 

WHO recommends a minimum free residual of 0.5 mg/1 after 30 min contact time at a 

pH of less than 8 and a turbidity of less than 1 NTU. Such a dose will unfortunately 

have no effect on Cryptosporidium oocysts which cannot in practice be inactivated by 

chlorine although Giardia cysts are usually inactivated by normal chlorine doses. 

Additional pressures are developing in some quarters against the use of gaseous 

chlorine because of the potential hazard arising from a gas leak at the treatment plant 

or during the transport of bulk chlorine. Interest has developed into on-site electrolytic 

chlorine (OSEC) generation to reduce these hazards. 
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Electrolysis of 3 per cent brine will produce a 1 per cent solution of sodium 

hypochlorite. For small plants hypochlorite solution provides a means of chlorination 

without the potential safety hazards of gaseous addition. This said, it should be noted 

that there is no record of serious accidents arising from the use of chlorine gas in water 

treatment plants. 

Chlorine dioxide is mainly used for the control of tastes and odours since although there 

is some evidence that it is a more powerful disinfectant than chlorine in alkaline 

conditions, it is much more expensive. It does not combine with ammonia to any 

appreciable extent so that chlorine dioxide can be used to obtain free chlorine residuals 

in a water with large amounts of ammonia. The presence of significant amounts of 

ammonia in a water supply is, however, undesirable because of its nutrient value, which 

tends to encourage biological growth. Chlorine dioxide is unstable and must be 

generated in situ by the action of chlorine or an acid on sodium chlorite  

 

 

 

 

 

 

The possible formation of organochlorine compounds by chlorine dioxide has not yet 

been fully investigated, so that its use in place of chlorine may not necessarily solve the 

DBP problem. Chlorine dioxide has similar disinfecting power to a free chlorine 

residual but it is more effective at inactivating Cryptosporidium and Giardia cysts. 

 

Ozone 

Ozone (03) is an allotropic form of oxygen produced by passing dry oxygen or air 

through an electrical discharge (5000-20 000 V, 50-500 Hz). It is an unstable, highly 

toxic blue gas with a pungent odour of new mown hay. A powerful oxidizing agent, it 

is an efficient disinfectant and useful in bleaching colour and removing tastes and 

odours. Like oxygen it is only slightly soluble in water and because of its unstable form 

it leaves no residual. It is a highly toxic gas with a maximum allowable continuous 

concentration in air in a working environment of 0.1 p.p.m. Unless cheap energy is 
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available ozone treatment is much more expensive than chlorination but it does have 

the advantage of providing good removals of colour. In these circumstances, filtration 

and ozonization may give a finished water similar to that produced by a more complex 

coagulation, sedimentation, filtration and chlorination plant. Because of the absence of 

ozone residuals in the distribution system, biological growths with attendant colour, 

taste and odour problems may result. Such growths in the distribution system can 

usually be prevented by adding a small dose of chlorine after ozonization and most 

plants using ozone also add chlorine at the final stage of the treatment process to ensure 

a residual in supply. Ozone has some application in the oxidation of certain industrial 

wastewaters not amenable to biological oxidation. 

Ozone must be manufactured on site by passing dry air through a high-v01tage high-

frequency electrical discharge. There are two main types of ozonizer: plate type with 

flat electrodes and glass dielectrics, and the tube type with cylindrical electrodes coaxial 

with glass dielectric cylinders. The high-tension side is cooled by convection and the 

low tension side by water. Air passes between the electrodes and is ozonized by the 

discharge across the air gap. Ozone production is usually up to about 4 per cent by 

weight of the carrier air with power requirements of around 25 kW h/kg of ozone 

produced. Because of the limited solubility of ozone (about 30 mg/l) and its highly 

reactive nature, rapid mixing of the gas with the water is essential. This is usually 

achieved with a fine bubble diffuser placed in the bottom of a contact chamber. Any 

excess ozone escaping from the chamber may be collected and recycled to save energy 

or destroyed to prevent a hazard to workers on site. Ozone will react with organic matter 

to form ozonides in certain conditions and the significance of the presence of these 

products in water is not yet fully understood. Any bromine in the water will be 

converted by ozonization to bromate which is potentially a long-term health risk. Ozone 

is a more powerful disinfectant than chlorine and a typical requirement is 0.4 mg/1 

residual after 4 min contact. Cryptosporidium oocysts are inactivated at a 2 mg/1 ozone 

after 10 min contact and Giardia cysts are inactivated after 1 min at 0.5 mg/1.  
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Ultraviolet radiation 

Various forms of radiation can be effective disinfecting agents and UV radiation has 

been used for the treatment of small water supplies for many years. The disinfecting 

action of UV at a wavelength of around 254nm is quite strong provided that the 

organisms are actually exposed to the radiation. It is thus necessary to ensure that 

turbidity is absent and that the dose is increased to allow for the absorption of UV by 

any organic compounds present in the flow. The water to be disinfected flows between 

mercury arc discharge tubes and polished metal reflector tubes which gives efficient 

disinfection with a retention time of a few seconds although at a rather high power 

requirement of 10-20 W/m 3 h. 

Provided the water has a turbidity below 1 NTU a UV dose of 15-25 mW s/cm 2 is 

usually sufficient to give a 99.9 per cent kill of most microorganisms. UV radiation has 

no effect on Cryptosporidium and Giardia cysts at normal doses. 

The advantages of UV disinfection include no formation of tastes and odours, minimum 

maintenance, easy automatic control with no danger from overdosing. 

Disadvantages are lack of residual, high cost and need for high clarity in the water. 

Because of the absence of DBPs, UV treatment is favoured by regulatory bodies for the 

disinfection of wastewater effluents where this is required because of bathing water 

standards or where water-contact sports are undertaken. 

Other disinfectants 

Various other methods have been used for water disinfection, including those listed 

below. 

1. Heat. Disinfection by heat is very effective but is costly and impairs the palatability 

of water by removing DO and dissolved salts. There is no residual effect. 

2. Silver. Colloidal silver was used by the Romans to preserve the quality of 

water in storage jars since, at concentrations of about 0.05 mg/1, silver is 

toxic to most microorganisms. It is of value for small portable filter units 

for field use where silver-impregnated gravel filter candles remove turbidity 

and provide disinfection. The cost becomes excessive for other than very 

small supplies. 
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3. Bromine. A halogen like chlorine, bromine has similar disinfection properties and is 

sometimes used in swimming pools where the residual tends to be less irritating to the 

eyes than chlorine residuals. 

4. Iodine. Another halogen, which is occasionally used for disinfection of swimming 

pools because again the residuals are less irritating than those of chlorine. It is 

sometimes used for the disinfection of personal water supplies when travelling in 

remote areas but is not used for public water supplies. 

5. Membranes. Pressure-driven membrane systems such as microfiltration and 

ultrafiltration are capable of removing particles in the range from 5 l~m down to 10 -2 

Ixm which covers the size of most microorganisms of importance in water quality. 

 

Problems 

 

1. Ozone is to be used to obtain a 99.9 per cent kill of bacteria in water with a residual 

of 0.5 mg/1. Under these conditions the reaction constant (k) is 2.5 • 102/s. Determine 

the contact time required. (120 s) 

 

2. Compare the contact times necessary to give E. coli kills of 99.99 per cent in water 

with (a) free chlorine residual of 0.2 mg/1, and (b) combined chlorine residual of 1 

mg/l. k values are 10-2/s and 10-5/s respectively. (28 s, 890 s) 
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STUDENTS' PERFORMANCE ASSESSMENT 

 

 

Table 1, Plan of whole year assessments 

 

Program Outcomes 

1- To become familiar with the concept of the environment and pollution 

2- To classify the needs for the development of environmental science and pollution 

3- Providing students with knowledge of information and developing skills in their field of specialization. 

4- The ability to teach the educational material later. 

5- To evaluate the cost of maintaining laboratories and equipment. 

6- The possibility of designing and implementing experiments, analyzing the results and translating them into reality. 

7- Broad-based education to understand the impact of engineering solutions globally and economically. 

8- The ability to design systems to meet the required needs through realistic economic determinants. 

9- The ability to use contemporary engineering techniques, skills and tools in the engineering field. 
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Course Learning Objectives 

1. Providing students with the basics of scientific knowledge in the field of environmental and pollution engineering and 

improving their professional abilities in the direction of analytical and creative thinking through the use of information 

technologies, data analysis and modern experimental methods in formulating and solving problems. 

2. Preparing well-qualified engineers to improve the environmental and pollution engineering activities and the ability to 

manage dealing with them in all life facilities. 

3. Conducting scientific research of an academic nature to keep pace with the global scientific march and research of an 

applied nature to translate engineering knowledge and their theories into reality, working to address the problems that the 

country suffers from in all fields. 

4. Contributing in one way or another in terms of design, supervision, follow-up and advice for the reconstruction of the 

country with its various engineering sectors, including factories, buildings, bridges and installations, providing engineering 

consultations, preparing economic feasibility studies, project designs, and providing technical services. 

5. Rooting scientific sobriety and making it a feature of the Environmental and Pollution Engineering Department, according 

to international controls and standards. 
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Strategies for Achieving Outcomes 

1. Presenting the vocabulary of the course to the students. 

2. Assigning students to homework and demanding it in an orderly manner. 

3. Take surprise examinations. 

4. Conducting the quarterly and final exams at the specified dates. 

5. Informing students about how grades calculated for students during the semester and their exam results, and discussing 

failures and successes. 

6. Inform students of the textbooks and the help books they need in the vocabulary of the curriculum, through a questionnaire 

for previous years, to improve the curriculum, improve the performance of teachers, and raise the level of the student. 

Assessment Method 

(results table after performing) 

 

1- Monthly and final exams. 

2- Quizzes and participation in the classroom. 

3- Providing scientific reports. 

4- Laboratory performance. 
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Table 2, Assessment Rubrics 

Rubric 4- Exceeds 3- Meets 2-Progressing 1-Below Average 

Engineering 

Knowledge 

Students can apply concepts 

of environmental science and 

water problems to solve it. 

The student will just be able to 

understand the concepts of water 

pollution to solve water problems 

The student will just be able to remember 

the concepts of water pollution and 

environmental science to solve engineering 

problems 

The student does not 

have an engineering 

sense 

Problem 

Analysis 

Student can analyze a given 

water problem and identify 

the pollutions and define the 

requirements for a given 

problem which are suitable 

for its solution. 

The student is just able to have a 

grasp of a pollution statement and 

its constraints and can understand 

pollution definition and the 

requirements for a given problem, 

which are suitable for its solution. 

Students need assistance to have a grasp of 

the water pollution statement and its 

constraints and can understand pollution 

definition and the requirements for a given 

water pollution  

The student is not able 

to recognize the water 

pollution types 

Design and 

Development 

of Solutions 

The student can design a 

water treatment plant. 

The student can understand and 

apply the engineering knowledge 

for the design of water treatment 

plant. 

The student would require aid to and apply 

the engineering knowledge for the design 

water treatment plant 

The student does not 

have the imagination to 

design water treatment 

plant 

 

Table 3, Students Works Rating 

Students Outcome Max Score 

 

High : 100 

Low : 50 

Mean : 75 

SD : 2.5 

 

 

 

 



 
 

Portfolio Forms - 2020  Page 5 of 103 

Table 4, Student and Faculty Evaluations of Learning Outcomes 

Students Outcomes Students Rating Instructor Rating Instructor Comments 

Not yet achieved Not yet achieved Not yet achieved Not yet achieved 

 
Table 5, Changes/Improvements 

Assessment of Changes/Improvements Made this 

year 
Not yet achieved 

Changes/Improvements That Will Be Made Next 

Time the Course is Offered 
Not yet achieved 

 

Table 6, Final Evaluation 

Outcome Average Notes 

Not yet achieved Not yet achieved Not yet achieved 
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Appendices: 

Materials: 

Faculty Curriculum Vitae: 

1. I am Ali Abdulkhaliq Kamal university lecturer (Academic Staff) in Environment and Pollution Engineering Department / Kirkuk Technical Collage / 

Northern Technical University / Ministry of Higher Education and Scientific Research – Iraq. 

2. Academic experience (from 2016 – until now) in teaching, rank: 98, title: Lecturer (Department coordinator). 

3. Non-academic experience – working in private companies after I got my Bachelor in civil Engineering, title: Projects management, position: Karbala 

governorate, (2014-2016), Part-time. 

4. Certifications or professional registrations: 

- Excellent contributions and participation in the second international conference on buildings, construction and environmental engineering - bcee2 Held on 17 

- 18 October 2015, at the American university of Beirut, Lebanon as a partisan. 

- The First Scientific Conference on Renewable Energies / 07/03/2018 – 08/03/2018 – Northern Technical University / Hawija Technical Institute. 

- Seminar on (Modern software used in graduation projects for environmental and pollution engineering students) / 09/01/2019 – 10/01/2019 – Northern 

Technical University / Kirkuk Technical Collage. 

- Scientific Symposium on (Environmental Pollution) / 23/12/2018 – 24/12/2018 – Northern Technical University / Kirkuk Technical Collage. 

- Training Program on (Analysis and Design Structure By Using STAAD PRO 2007) / 23/09/2018 – 27/09/2018 – Northern Technical University / Kirkuk 

Technical Collage. 

- Training Program on (Air Quality Modelling) / 10/03/2019 – 14/03/2019 – Northern Technical University / Kirkuk Technical Collage. 

- The 3rd International Conference on Materials Engineering and Science / 28/12/2020 – 30/12/2020 – Kuala Lumpur, Malaysia. 

5. Current membership in professional organizations 

-  Lead Guest Editor for the Special Issue “Air, Water, and Soil pollution” in the journal “American Journal of Environmental Protection (AJEP); 

ISSN: 2328-5680 (Print); 

ISSN: 2328-5699 (Online); 

http://www.sciencepublishinggroup.com/j/ajep”. 
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6. Most important publications: 

1. Study and evaluation of stored drinking water characteristics using three types of roof water tanks in Kirkuk governorate, Iraq. 

2. Urban air quality evaluation over Kut city using field survey and Geomatic techniques. 

3. Study and evaluation the air pollution around the thermal power plant of Zebadiah city, Wasit province, Iraq. 

4. Applying fixed box model to predict the concentrations of (pm10) in a part of Al-Kut city, Wasit province (Iraq). 

5. Study and evaluation of the quality of local and imported bottled drinking water available in the market of Kirkuk city, Iraq. 

6. Assessment of air pollution over Baghdad city using fixed annual stations and Gis techniques. 

7. Monitoring and assessment the covariance of suspended particulates concentration levels over Kirkuk governorate. 

8. Remediation of clayey soil contaminated with nickel nitrate using enhanced electro kinetics process and study the geotechnical properties of the remediated 

soil samples.  

 


